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(57) ABSTRACT 
An optical multiplexing includes: a monitor configured to 
detect power of an optical component including a frequency 
component of a cross point between spectra of a first 
Sub-carrier signal and a second sub-carrier signal; and a 
controller configured to control a modulation timing of a 
data symbol of the second Sub-carrier signal according to the 
power detected by the monitor, wherein the second sub 
carrier signal is multiplexed to a carrier to be adjacent to the 
first Sub-carrier signal multiplexed to the carrier so as to 
generate an optical Orthogonal Frequency Divisional Mul 
tiplexing (OFDM) signal in which an interference between 
the first and second Sub-carrier signals is Suppressed. 

7 Claims, 13 Drawing Sheets 

31 NONNEAR) i? OPTICAL s OPIICAL - s OPTICAL ..is se ERANCHINGUN life Ea - Bichi 
F -4 , 'e , OLOK -f 

fo/N RECOVERY UNIT 32 33 34 
Y 42 ? 

MULTIPLER 5 54 

G11 fo-> TMNGADJUSTER -...-- CONTROLLERe------ MONITOR 
----------- 52 i : 

|- its A- -G15 : : : f : 43 r ar s t 48 Yello. 47 yeaf 
PTICAL : SS-BRANCAING-FREQUENCY-ESEI) -- ESA, SOURCE UNIT Sitti" (MODULATOR MULTIPLEXER 

G12: Voy-lifo 
- - - - - - - - - - - - OPTICAL MULTIPLEXING DEVICE(i) -- 1 

  

  



US 9,602.201 B2 
Page 2 

(56) References Cited 

OTHER PUBLICATIONS 

Robert Elschner et al., “Distributed Ultradense Optical Frequency 
Division Multiplexing Using Fiber Nonlinearity”, Journal of Light 
wave Technology, vol. 31, No. 4, Feb. 15, 2013, pp. 628-633. 
Robert Elschner, Thomas Richter, Tomoyuki Kato, Shigeki 
Watanabe, Colja Schubert, “Distributed Coherent Optical OFDM 
Multiplexing Using Fiber Frequency Conversion and Free-Running 
Lasers.” National Fiber Optic Engineers Conference 2012, PDP5C. 
8, Mar. 2012. 

* cited by examiner 



U.S. Patent Mar. 21, 2017 Sheet 1 of 13 US 9,602.201 B2 

FIG. 2 

nPERIOD 

  

  



U.S. Patent Mar. 21, 2017 Sheet 2 of 13 

FIG. 3 T 
n=0 

- N - n = 1 
n=2 

n=3 

n=14 

n=15 

Sb(t) 

US 9,602.201 B2 

  



U.S. Patent Mar. 21, 2017. Sheet 3 of 13 US 9,602.201 B2 

FIG 5A 

1 y "O" 

FIG. 5B 

POWER (dB) 

Px 
PX-1 

Pth --- 

At/T 

  



US 9,602.201 B2 Sheet 4 of 13 21, 2017 Mar U.S. Patent 

92 

?º) ------ 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -9 ’5)|–| 

  

  

  



US 9,602.201 B2 

/ ’5)|–||- - - - - - - - - - - - - - - -|-?..……….;--- 

U.S. Patent 

  



US 9,602.201 B2 Sheet 6 of 13 Mar. 21, 2017 U.S. Patent 

  



U.S. Patent Mar. 21, 2017 Sheet 7 of 13 

FIG. 9 

US 9,602.201 B2 

FIG 10 

10 20 30 40 

ATTENUATION RATIO (dB) 
50 

  

  



US 9,602.201 B2 Sheet 8 of 13 Mar. 21, 2017 U.S. Patent 

}}ETTO}}|NOO O|<--------- 
979 

  



US 9,602.201 B2 Sheet 9 of 13 

i - - - - - - 

Mar. 21, 2017 U.S. Patent 

  



US 9,602.201 B2 U.S. Patent 

  



U.S. Patent Mar. 21, 2017 Sheet 11 of 13 US 9,602.201 B2 

FIG. 14 

START 

MULTIPLEX SUBCARRIER SIGNAL St1 
TO CARRIER LIGHT 

INPUT CARRIER LIGHT TO WHCH St2 
SUB-CARRIER SIGNALS 

MULTIPLEXED INTO MONITOR 

EXTRACT OPTICAL COMPONENT OF St3 
BANDWIDTH BWN WHICH CROSS POINT OF 

SUB-CARRIER SIGNALS CENTER FREQUENCY 

CONVERT OPTICAL COMPONENT StA 
INTO ELECTRICAL SIGNAL 

DETECT POWER OF St5 
OPTICAL COMPONENT 

CONTROL MODULATION TIMING St0 
ACCORDING TO POWER 

END 



U.S. Patent Mar. 21, 2017 Sheet 12 of 13 US 9,602.201 B2 

FIG 15 

START 

RECORD DETECTED St11 
POWER Px 

INCREASE DELAYTIME At OF 
MODULATION TIMING 

RECORD DETECTED 
POWER Px St20 

YES 
St15 

DECREASE DELAYTIME At OF 
MODULATION TIMING 

RECORD POWER Px4 OF 
OPTICAL COMPONENT St21 

t18 

seeBS 
S 

YES 

St 19 
DETERMINE MODULATION TIMING 

  

  

  



U.S. Patent Mar. 21, 2017. Sheet 13 of 13 US 9,602.201 B2 

FIG 16 

START 

St31 
SET THRESHOLD Pth 

RECORD DETECTED St.32 
POWER Px 

INCREASE DELAYTIME At OF St33 
MODULATION TIMING 

RECORD DETECTED St34 
POWER Px 

St35 
YES <-E-B S- StA2 

NO 
St36 

  



US 9,602,201 B2 
1. 

OPTICAL MULTIPLEXING DEVICE AND 
METHOD OF GENERATING OPTICAL 

OFDM SIGNAL 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is based upon and claims the benefit of 
priority of the prior Japanese Patent Application No. 2014 
101374 filed on May 15, 2014, the entire contents of which 
are incorporated herein by reference. 

FIELD 

The embodiments discussed herein are related to an 
optical multiplexing device and a method of generating an 
optical OFDM (Orthogonal Frequency Divisional Multi 
plexer) signal. 

BACKGROUND 

A technique for multiplexing optical signals with a high 
density is studied so as to maximally utilize a transmission 
band of an optical fiber with an increase in demands for 
communication. As such a technique, for example, a Nyquist 
wavelength multiplexing system and a Coherent Optical 
Orthogonal Frequency Divisional Multiplexer (CO-OFDM) 
system exist. 

In the CO-OFDM system, interference between sub 
carrier signals is suppressed by utilizing orthogonality 
between sub-carrier signals in which spectra thereof are 
adjacent to each other on a frequency axis. Thus, the 
CO-OFDM system, since sub-carrier signals of a high 
density may be multiplexed in a narrow frequency band, is 
expected to be a realizing unit of a theoretical limit (for 
example, 1 (bit/HZ) in a case of a binary code (intensity 
modulation system)) of a frequency utilization efficiency. 

It is desirable to control a center frequency of each 
Sub-carrier signal with high accuracy for generating a mul 
tiplexed optical signal (optical OFDM signal) multiplexed 
by the CO-OFDM system so that a spacing between the 
center frequencies of adjacent Sub-carrier signals is equal to 
a symbol rate (baud rate) of the modulation. 

Meanwhile, for example, a frequency control unit having 
a high accuracy that uses Single Side Band (SSB) modula 
tion and Cross Phase Modulation (XPM) that is a nonlinear 
optical effect in an optical fiber is described in “Robert 
Elschner, Thomas Richter, Tomoyuki Kato, Shigeki 
Watanabe, Colja Schubert, “Distributed Coherent Optical 
OFDM Multiplexing Using Fiber Frequency Conversion 
and Free-Running Lasers”, OFC/NFOEC 2012, PDP5C.8, 
2012. 

SUMMARY 

According to an aspect of the invention, an optical mul 
tiplexing includes: a monitor configured to detect power of 
an optical component including a frequency component of a 
cross point between spectra of a first Sub-carrier signal and 
a second sub-carrier signal; and a controller configured to 
control a modulation timing of a data symbol of the second 
Sub-carrier signal according to the power detected by the 
monitor, wherein the second Sub-carrier signal is multi 
plexed to a carrier to be adjacent to the first sub-carrier 
signal multiplexed to the carrier so as to generate an optical 
Orthogonal Frequency Divisional Multiplexing (OFDM) 
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2 
signal in which an interference between the first and second 
Sub-carrier signals is Suppressed. 
The object and advantages of the invention will be 

realized and attained by means of the elements and combi 
nations particularly pointed out in the claims. 

It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory and are not restrictive of the inven 
tion, as claimed. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a waveform diagram illustrating an example of 
a spectrum of an optical OFDM signal; 

FIG. 2 is a waveform diagram illustrating an example of 
a Sub-carrier signal; 

FIG. 3 is a waveform diagram illustrating an example of 
an optical OFDM signal; 

FIG. 4 is a waveform diagram illustrating an example of 
spectra of adjacent Sub-carrier signals; 

FIGS. 5A and 5B are diagrams illustrating a timing 
difference of data symbols and a change in power of a cross 
point with respect to the timing difference: 

FIG. 6 is a configuration diagram illustrating an example 
of an optical transmission system using an optical multi 
plexing device; 

FIG. 7 is a configuration diagram of the optical multi 
plexing device according to an embodiment; 

FIG. 8 is a configuration diagram illustrating an example 
of a monitor, 

FIG. 9 is a graph illustrating a change in power of a cross 
point with respect to a timing difference of a data symbol for 
each transmission band of an optical filter, 

FIG. 10 is a graph illustrating a change in power of a cross 
point with respect to a damping ratio of the optical filter for 
each transmission band of the optical filter; 

FIG. 11 is a configuration diagram illustrating another 
example of a monitor, 

FIG. 12 is a configuration diagram illustrating still 
another example of a monitor, 

FIG. 13 is a configuration diagram illustrating an example 
of a controller; 

FIG. 14 is a flowchart illustrating a method of generating 
an optical OFDM signal according to an embodiment; 

FIG. 15 is a flowchart illustrating an example of a control 
process of a modulation timing; and 

FIG. 16 is a flowchart illustrating another example of a 
control process of modulation timing. 

DESCRIPTION OF EMBODIMENTS 

In order to generate an optical OFDM signal, high accu 
rate control of a timing of a data symbol of each sub-carrier 
signal, that is, a modulation timing to ensure orthogonality 
between adjacent sub-carrier signals is desired. If a differ 
ence is generated in the modulation timing between the 
Sub-carrier signals, interference occurs between adjacent 
Sub-carrier signals in a frequency region in which spectra 
overlap and communication quality is lowered. 

Meanwhile, in order to reduce influence of reflection 
(multipath) of radio waves by buildings and the like, a 
symbol rate of a sub-carrier signal of an electric OFDM 
signal used for wireless communication is Suppressed to be 
lower than the symbol rate of the sub-carrier signal of an 
optical OFDM signal. Thus, control of the modulation 
timing and the frequency may be performed in a processing 
capability of a Digital Signal Processor (DSP) that may be 
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driven by a frequency signal up to several GHz band. A 
hardware scale is reduced by using the DSP as a unit for 
generating the OFDM signal. 

However, in the CO-OFDM system, in order to realize a 
large-volume transmission by fully utilizing finite transmis- 5 
sion bands of optical fiber, the modulation is performed in a 
high symbol rate of several GHz different from a case of the 
wireless communication. Thus, the processing capability 
desirable for control of the modulation timing and the 
frequency exceeds the processing capability of the DSP. 
Consequently, it is difficult to generate the optical OFDM 
signal using the DSP. 

In contrast, as a control unit of the frequency with high 
accuracy, for example, XPM, SSB modulation, and the like 
exist, but a control unit of modulation timing of the Sub 
carrier signal with high accuracy does not exist. Thus, the 
interference between the Sub-carrier signals may not be 
Suppressed. 

Hereinafter, an optical multiplexing device capable of 20 
generating an optical OFDM signal in which the interference 
between Sub-carrier signals is Suppressed and a method of 
generating the optical OFDM signal are described with 
reference to the drawings. 

FIG. 1 is a waveform diagram illustrating an example of 25 
a spectrum of the optical OFDM signal. The optical OFDM 
signal is a multi-carrier signal that is obtained by multiplex 
ing a plurality of sub-carrier signals S0 to S15 in which a 
carrier frequency, that is a center frequency of the carrier, is 
different to a carrier light. Each of the sub-carrier signals S0 30 
to S15 is arranged on a frequency axis with a spacing (carrier 
spacing) f of the center frequency. Moreover, in the 
example, the sub-carrier signals S0 to S15 of 16 waves are 
exemplified, but there is no limit in the number of the 
sub-carrier signals S0 to S15. 35 
The sub-carrier signals S0 to S15 of which spectra are 

adjacent to each other on the frequency axis satisfy an 
orthogonal condition represented by the following Equa 
tions (1) to (3). Here, m and n are integers and T=1/f. 

10 

40 

(1) T 

? scrolina- 2 O O(n + n) 

T T (2) 45 
(m = n.) ? sin(27mft).Sin(27inft)dt - 2 

O O(n + n) 

T (3) 
? cos(27mft).Sin(2inft)d t = 0 O 50 

A Sub-carrier signal Sn (n=0, 1, 2, . . . . 15) is a digital 
signal in which a carrier frequency is nfo and a symbol 
length T=1/f. A waveform of the sub-carrier signal Sn for 
one symbol existing at time t-0 to T is represented by 
Expression (4) using values an and bn of the data symbols. 

55 

a cos(2JInft)-b, sin(2JInft) (4) 

FIG. 2 is a waveform diagram illustrating an example of 60 
the sub-carrier signal Sn. Since T=1/f, sine waves of n 
cycles are present in the symbol length T. An amplitude and 
a phase of the sine wave are changed for each symbol 
according to the values an and bn of the data symbols. 
The optical OFDM signal of a baseband is generated by 65 

combining the sub-carrier signals S0 to S15 at the same 
timing. Thus, a waveform Sb(t) of the optical OFDM signal 

4 
of the baseband is a total of a value of Expression (4) in 
which n=0 to N-1 (N: an integer (16 in the example)) as the 
following Equation (5). 

FIG. 3 is a waveform diagram illustrating an example of 
the optical OFDM signal. The waveform Sb(t) is formed by 
combining a plurality of digital modulation signals (n=0 to 
15) in which a carrier frequency info is different, that is, the 
sub-carrier signals S0 to S15 and has a form of a multi 
carrier modulation signal. In the optical OFDM signal, not 
only the spacing f of the center frequency may be fixed, but 
also it is a condition that timing of the data symbol modu 
lated to the sub-carrier signals S0 to S15 is matched to 
Suppress interference between sub-carrier signals. 

Furthermore, the optical OFDM signal is frequency 
converted depending on a usable frequency band. A wave 
form S(t) of the frequency-converted optical OFDM signal 
is represented by the following Equation (6). 

S(t)=X, lofa, cos {2J (f-nfo)t}-b, sin {2J (f+nfo) 
t| (6) 

Here, f is a frequency that is a reference in a carrier band 
and is the lowest carrier frequency of carrier frequencies f. 
to f--(N-1)f of the sub-carrier signals S0 to S15. 

FIG. 4 is a waveform diagram illustrating an example of 
spectra of adjacent Sub-carrier signals Sk and Sk+1 (k: an 
integer). In FIG. 4, as an example, the Sub-carrier signal Sk 
in which a center frequency is f--kfo and the Sub-carrier 
signal Sk+1 in which a center frequency is f--(k+1)f are 
illustrated. 
The spectrum of each of the sub-carrier signals Sk and 

Sk+1 has a symmetrical waveform about the center frequen 
cies f--kf and f--(k+1)f. Power of each of the sub-carrier 
signals Sk and Sk+1 decreases while oscillating with a 
period f as being separated from the center frequencies 
f+kf, and f--(k+1)f. 

Thus, in one of the center frequencies f--kfo and f--(k+ 
1)f of one of the sub-carrier signals Sk and Sk+1, a size of 
the other of the sub-carrier signals Sk+1 and Sk is 0. That is, 
when the size of one of the sub-carrier signals Sk and Sk+1 
is the maximum value, the size of the other is 0 (minimum 
value). Thus, the interference between the sub-carrier sig 
nals Sk and Sk+1 is Suppressed. 

However, even if the orthogonal condition regarding the 
center frequency described above is satisfied, if a difference 
(difference in a modulation timing) in a timing of the data 
symbol between the sub-carrier signals Sk and Sk+1 is 
present, the sub-carrier signals Sk and Sk+1 interfere each 
other. Particularly, in a region A1 between center frequen 
cies f-kf and f--(k+1)f in which overlap between the 
spectra is significant, interference light is significantly gen 
erated. Moreover, the interference light is almost not present 
in a region A2 outside of the center frequencies f--kf and 
f+(k+1)f in which the overlap is almost not present 
between the spectra. 
When the interference light is generated, power of a cross 

point (intersecting position) P between the spectra of the 
Sub-carrier signals Sk and Sk+1 is significantly increased in 
the region A1. Meanwhile, when the interference light is not 
generated, the power of the cross point P becomes the 
minimum value. As described above, the interference light is 
generated depending on the difference in the modulation 
timing. 

FIGS. 5A and 5B respectively illustrate a timing differ 
ence of the data symbol and a change in the power of cross 
point with respect to the timing difference. As an example, 
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FIG. 5A illustrates waveforms of the sub-carrier signals Sk 
and Sk+1 that are modulated in data “1” and “O'” (binary 
digit) by intensity modulation when a horizontal axis is a 
time t. The timing of the data symbol of the sub-carrier 
signal Sk+1 is delayed by At more than that of the sub 
carrier signal Sk. 

In FIG. 5B, the horizontal axis illustrates a timing differ 
ence At/T that is normalized in a period T and the vertical 
axis illustrates power (dB) of the cross point P. When 
At/T=0, that is, if a shift of the timing of the data symbol 
between the sub-carrier signals Sk and Sk+1 is not present, 
the power of the cross point Prepresents the minimum value. 
In contrast, when At/T-0, that is, if the shift of the timing of 
the data symbol between the sub-carrier signals Sk and Sk+1 
is present, the power of the cross point P represents a large 
value as an absolute value of the timing difference At is 
increased. 
An optical multiplexing device of an embodiment con 

trols the modulation timing so that the power of the cross 
point P described above is the minimum value. More spe 
cifically, the optical multiplexing device samples powers P. 
and P. of the cross point P while changing the modulation 
timing and thereby the modulation timing in which the 
power of the cross point P is the minimum value is detected. 
Furthermore, an optical multiplexing device of another 
embodiment detects the modulation timing in which the 
powers P and P. of the cross point P is below a prede 
termined threshold Pth while changing the modulation tim 
ing. Thus, the optical OFDM signal in which the interference 
between the Sub-carrier signals is Suppressed is generated. 
Hereinafter, a configuration regarding the optical multiplex 
ing device will be described. 

FIG. 6 is a configuration diagram illustrating an example 
of an optical transmission system using the optical multi 
plexing device. The optical transmission system has a carrier 
light Source 20, a clock light source 21, a multiplexer 22, a 
plurality of optical multiplexing devices (#1 to in) 1a and 1 
provided on a transmission line (optical fiber) R, and a 
receiving device 23. Moreover, in FIG. 6, in graphs G1 to 
G4, an example of an optical spectrum is illustrated in which 
the horizontal axis is a frequency f. 

The carrier light source 20 outputs a continuous wave 
(CW) having a frequency vo to the multiplexer 22. The 
continuous wave is used as the carrier light in which 
sub-carrier signals S0 to SN-1 of an in wave are multiplexed 
by the optical multiplexing devices (#1 to in) 1a and 1 of the 
Subsequent stage. 
The clock light source 21 outputs a pulse light of a 

frequency vs. modulated in a sine wave of a repetition 
frequency f/N to the multiplexer 22. The pulse light is used 
for an optical clock signal CLK to synchronously generate 
the sub-carrier signals S0 to SN-1 by the optical multiplex 
ing devices (#1 to in) 1a and 1 of the Subsequent stage. 

The multiplexer 22 multiplexes a carrier light Vo and the 
optical clock signal CLK. For example, the multiplexer 22 
is an optical coupler. The carrier light Vo and the optical 
clock signal CLK are multiplexed by the multiplexer 22 and 
are output to a transmission line R (see graph G1). 
The optical multiplexing device (#1) 1a multiplexes the 

Sub-carrier signal S0 to the carrier light vo (see graph G2). 
The optical multiplexing devices (#2 to in) 1 sequentially 
multiplexes the sub-carrier signals S1 to SN-1 to the carrier 
light in which the sub-carrier signal S0 is multiplexed (see 
the graphs G3 and G4). The optical multiplexing devices (#2 
to in) 1 respectively multiplex the sub-carrier signals S1 to 
SN-1 to the carrier light vo so that an orthogonal relation 
ship of the frequency is established between the sub-carrier 
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6 
signals S0 to SN-1. Thus, the optical OFDM signal in which 
the sub-carrier signals S0 to SN-1 are multiplexed is gen 
erated. 
The receiving device 23 detects the sub-carrier signals S0 

to SN-1 from the optical OFDM signal in a locally emitted 
light. As a detection unit, for example, homodyne detection 
or heterodyne detection may be exemplified. 

FIG. 7 is a configuration diagram of an optical multiplex 
ing device (H) 1 (–2, 3, . . . , n) according to an embodi 
ment. In graphs G10 to G16 in FIG. 7, an example of the 
optical spectrum is illustrated in which the horizontal axis is 
the frequency f. Moreover, in FIG. 7, a solid line illustrates 
a path of the optical signal and a dotted line illustrates a path 
of an electrical signal. 
The optical multiplexing device (ii) 1 has optical branch 

ing units 31, 34, and 44, optical multiplexers 32 and 47, a 
nonlinear optical medium 33, a clock recovery section 41, a 
multiplier 42, a CW light source 43, an optical frequency 
shifter 45, and an optical modulator 46. For example, each 
of the optical branching units 31, 34, and 44 is an optical 
splitter. The optical multiplexing device (ii) 1 further has a 
timing adjuster 51, a signal generator 52, a controller 
(control section) 53, and a monitor (detection section) 54. 
Moreover, for example, the optical multiplexing device (#1) 
is has a configuration that is formed by excepting the optical 
branching unit 34, the controller 53 and the monitor 54 from 
the other optical multiplexing device (ii) 1. 

In the optical multiplexing device (H) 1, the carrier light 
vo in which a Sub-carrier signal (first Sub-carrier signal) S-1 
is multiplexed and a multiplexed light of the optical clock 
signal CLK are input from the transmission line R (see the 
graph G10). The sub-carrier signal S-1 is a signal that is 
multiplexed to the carrier light by the optical multiplexing 
devices (#1 to in-1) 1a and 1 of the previous stage. The 
optical multiplexing device (H) 1 multiplexes a Sub-carrier 
signal (second sub-carrier signal) Si adjacent to the Sub 
carrier signal S-1 to the carrier light vo. That is, the optical 
multiplexing device (H) 1 multiplexes the Sub-carrier signal 
Siso as to be adjacent to the sub-carrier signal S-1 thereby 
generating the optical OFDM signal. 
The optical branching unit 31 power-branches the multi 

plexed light input from the transmission line R and outputs 
the branched light to the clock recovery section 41 and the 
optical multiplexer 32. The clock recovery section 41 
extracts the optical clock signal CLK from the multiplexed 
light, converts the optical clock signal CLK into an electrical 
clock signal of a frequency f/N, and outputs the electrical 
clock signal to the multiplier 42. The multiplier 42 generates 
the electrical clock signal of the frequency f. by multiplying 
the frequency by N of the electrical clock signal and outputs 
the electrical clock signal to the timing adjuster 51 and the 
optical frequency shifter 45. 
The CW light source 43 outputs the continuous wave of 

a frequency v. to the optical branching unit 44 (see the 
graph G11). The Sub-carrier signal S is generated based on 
the continuous wave of the frequency v. For example, the 
optical branching unit 44 power branches the continuous 
wave and outputs the branched continuous wave to the 
optical frequency shifter 45 and the optical multiplexer 47 
(see the graph G13). 
The optical frequency shifter 45 converts the continuous 

wave of the frequency v. input from the CW light source 
43 into a continuous wave of a frequency v.--if based on 
the electrical clock signal of the frequency f input form the 
multiplier 42 (see the graph G12). As the optical frequency 
shifter 45, a SSB modulator or an optical frequency comb 
generator is used. 
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The optical frequency comb generator is, for example, a 
Mach-Zehnder modulator and generates an optical fre 
quency comb. The optical frequency comb is an optical 
spectrum group having a certain frequency spacing (fo). 
When using the optical frequency comb generator as the 
optical frequency shifter 45, for example, the continuous 
wave of the frequency v. is converted into the continuous 
wave of the frequency v.--if by extracting the optical 
component of the frequency v-jf from the optical fre 
quency comb by the optical filter. 
The timing adjuster 51 instructs an output timing of a data 

signal to the signal generator 52 based on the electrical clock 
signal of the frequency f input from the multiplier 42. 
Furthermore, the timing adjuster 51 gives a delay time to the 
output timing of the data signal based on a control signal Sc 
input from the controller 53. Further specifically, the timing 
adjuster 51 adjusts a phase of the clock signal based on the 
control signal Sc and outputs the phase of the adjusted clock 
signal to the signal generator 52. 
The signal generator 52 outputs the data signal to the 

optical modulator 46 according to the output timing 
instructed from the timing adjuster 51. For example, the 
signal generator 52 generates the data signal to be transmit 
ted in Synchronization with the clock signal input from the 
timing adjuster 51. 

The optical modulator 46 modulates the continuous wave 
of the frequency v.--if input from the optical frequency 
shifter 45 with a symbol rate B equal to the frequency f. 
based on the data signal input from the signal generator 52 
(see the graph G14). In order to realize a large capacity 
transmission by maximally utilizing the transmission band 
of a finite optical fiber (transmission line R), the optical 
modulator 46 performs the modulation in a high symbol rate 
B(f) of a few tens GHz different from a case of the wireless 
communication. 
As a modulation system, a multi-level modulation system 

such as intensity modulation, Quadrature Phase Shift Key 
ing (QPSK), and Quadrature Amplitude Modulation (QAM) 
is exemplified. As the optical modulator 46, for example, LN 
(LiNbO3) modulator is used. 
The light that is modulated by the optical modulator 46 is 

input into the optical multiplexer 47 and is multiplexed with 
the continuous wave of the frequency v. output from the 
CW light source 43. Thus, an optical beat signal having a 
difference frequency of a frequency spacing jf is generated 
(see the graph G15). The optical beat signal is input into the 
optical multiplexer 32 connected to the transmission line R. 
The carrier light vo in which the sub-carrier signal S-1 is 

multiplexed and the optical beat signal are multiplexed by 
the optical multiplexer 32 and are input into the nonlinear 
optical medium 33 connected to the transmission line R. 
Thus, since Cross Phase Modulation (XPM) is generated in 
the nonlinear optical medium 33, the sub-carrier signal Sof 
a frequency votif is multiplexed to the carrier light Vo to 
which the sub-carrier signal S-1 is multiplexed (see the 
graph G16). Cross phase modulation is one of nonlinear 
optical effects and a phenomenon that a phase change occurs 
in the other light wave in proportion to the light intensity of 
one light wave when two light waves different from each 
other in the wavelength propagate in the nonlinear optical 
medium 33. 
The nonlinear optical medium 33 is, for example, the 

optical fiber. As the optical fiber, single-mode fiber, disper 
sion-shifted fiber, highly nonlinear fiber, photonic crystal 
fiber, chalcogenide fiber, and the like are exemplified. Fur 
thermore, fiber in which germanium, bismuth, or the like is 
added to a core so as to increase a refractive index or a 
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8 
waveguide structure, and fiber having a reduced mode field 
So as to increase an optical power density, or a waveguide 
structure are also used as the nonlinear optical medium 33. 

Furthermore, the nonlinear optical medium 33 is not 
limited to the optical fiber and may use other devices. For 
example, a semiconductor optical amplifier having a quan 
tum well structure, a quantum dot semiconductor optical 
amplifiers, and a silicon photonics waveguide, and the like 
may be used as the nonlinear optical medium 33. 
As described above, the sub-carrier signal S is multi 

plexed to the carrier light voat a position separated from the 
frequency vo by a difference frequency if of the optical beat 
signal by inputting the optical beat signal into the nonlinear 
optical medium 33. The difference frequency jf of the 
optical beat signal is controlled with a high accuracy by the 
optical frequency shifter 45 such as the SSB modulator and 
the optical frequency comb generator. Thus, the Sub-carrier 
signal S has the center frequency votif and the orthogonal 
relationship of the frequency is established between the 
Sub-carrier signal S and other adjacent Sub-carrier signals 
S-1. 
As described above, in the optical OFDM signal, the 

orthogonal relationship of the frequency is not only estab 
lished between the sub-carrier signals S1 to SN-1, but also 
the interference occurs between the sub-carrier signals S1 to 
SN-1 if the timing of the data symbol is not provided to 
become to match. Thus, in the monitor 54 and the controller 
53, the feedback control of the modulation timing is per 
formed with respect to the timing adjuster 51 based on the 
power of the cross point P described above. 
The carrier light vo to which the sub-carrier signals S-1 

and S are multiplexed is power-branched and output to the 
optical multiplexing device (i+1) 1 of the next stage and the 
monitor 54 by the optical branching unit 34 connected to the 
nonlinear optical medium 33. The monitor 54 detects the 
power of the cross point P of the sub-carrier signals S-1 and 
S and notifies the power to the controller 53. 
The controller 53 controls the timing adjuster 51 based on 

the power of the cross point P detected by the monitor 54. 
That is, the controller 53 controls the timing of the data 
symbol of the Sub-carrier signal Sj, that is, the modulation 
timing depending on the power of the cross point P detected 
by the monitor 54. Further specifically, the controller 53 
outputs the control signal Sc indicating the delay time of 
output timing of the data signal to the timing adjuster 51 so 
that the power of the cross point P is the minimum value. 

FIG. 8 is a configuration diagram illustrating an example 
of the monitor 54. The monitor 54 has an optical filter 541, 
a photodetector 542, and a power meter 543. Moreover, in 
FIG. 8, an example of the optical spectrum is illustrated in 
graphs G21 and 22 in which the horizontal axis is the 
frequency f. 
The carrier light vo (see the graph G21) to which the 

Sub-carrier signals S-1 and Sare multiplexed is input from 
the optical branching unit 34 into the optical filter 541. The 
optical filter 541 extracts optical components Fu and Fd (see 
the graph G.22) including the frequency component of the 
cross point P between the spectra of the sub-carrier signals 
S-1 and S from the carrier light vo (optical OFDM signal). 
The optical components Fu and Fd have a bandwidth BW of 
the symbol rate B or less. As the optical filter 541, a thin film 
deposition type optical filter or a Fiber Bragg Grating (FBG) 
type optical filter are used. 
The optical filter 541 has a transmission band having a 

width BW in which a frequency vo-(-0.5) for vo-(-0.5) 
f of the cross point P of the sub-carrier signals S-1 and S 
is the center frequency. Thus, the optical filter 541 extracts 
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the optical component Fu of an upper sideband side or the 
optical component Fd of a lower sideband side from the 
carrier light vo. The extracted optical components Fu and Fd 
are input into the photodetector 542. 
The photodetector 542 detects the optical components Fu 

and Fd extracted by the optical filter 541 and converts the 
optical components Fu and Fd into an electrical signal. The 
power meter 543 detects the power of the optical compo 
nents Fu and Fd based on the electrical signal input from the 
photodetector 542. That is, the photodetector 542 detects the 
power of the optical components Fu and Fd transmitted 
through the optical filter 541. The detected power is notified 
to the controller 53. As described above, the monitor 54 
easily detects the power of the optical components Fu and Fd 
using the optical filter 541 and the photodetector 542. 
As described above, if the timing of the data symbol, that 

is, the modulation timing is provided to become to match 
between the sub-carrier signals S-1 and Sj, the power of the 
cross point P of the sub-carrier signals S-1 and S is the 
minimum value (see FIGS. 5A and 5B). The controller 53 
controls the modulation timing by instructing the delay time 
to the timing adjuster 51 so that the power detected by the 
power meter 543 is the minimum value. 

FIG. 9 is a graph illustrating a change in the power of the 
cross point P with respect to a timing difference At of the 
data symbol for each transmission bandwidth BW of the 
optical filter 541. In FIG.9, the horizontal axis illustrates the 
timing difference At/T that is normalized in the period T of 
the symbol rate and the vertical axis illustrates a level ratio 
L of the power of the cross point P normalized with respect 
to the maximum value. 

The level ratio L represents a ratio of the power of a case 
where the interference is not present at all with respect to the 
power (case where the shift is half period T/2) of a case 
where the interference occurs the most significantly between 
the sub-carrier signals S-1 and S. Moreover, the level ratio 
L is a value that is obtained by calculation in which the 
modulation system of the Sub-carrier signals S-1 and S is 
the QPSK and the transmission bandwidths BW of the 
optical filter 541 are B, B/2, B/4, and B/8. 

In the vicinity of the timing difference At/T=0, the power 
of the cross point P represents relatively small value with 
respect to the maximum value as the transmission bandwidth 
BW of the optical filter 541 is narrow. Thus, the detection of 
the minimum value of the power of the cross point P is easily 
performed as the resolution of frequency of the optical filter 
541 is increased. That is, the detection accuracy of the 
minimum value of the power of the cross point P is improved 
as the resolution of the frequency of the optical filter 541 is 
increased. For example, if the transmission bandwidth 
BW-B, the level ratio L of the power of the cross point P is 
approximately -4 (dB) and if the transmission bandwidth 
BW=B/8, the level ratio L of the power of the cross point P 
is approximately -20 (dB). 
As described above, the modulation of the sub-carrier 

signal S is performed, for example, in a high symbol rate 
B(f) of a few tens GHz different from the case of the 
wireless communication. Thus, even if the power of the 
cross point P is detected in which the transmission band 
width BW=B/8, it is possible to use the optical filter 541 in 
which the bandwidth BW is sufficiently wide. 
As described above, for example, the modulation is 

performed in a high symbol rate B(f) of a few tens GHz, 
since a processing capability that is desirable to control the 
modulation timing and the frequency exceeds the processing 
capability of the DSP, it is difficult to generate the optical 
OFDM signal using the DSP. However, according to the 
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10 
configuration described above, it is possible to control the 
modulation timing of the Sub-carrier signal S and generate 
the optical OFDM signal in which the interference is 
reduced between the Sub-carrier signals S-1 and S using 
the optical filter 541 in which the bandwidth BW is suffi 
ciently wide, that is, the optical filter 541 in which the 
resolution is low. 

Moreover, if the transmission bandwidth BW-B, power 
of the frequency region A2 (see FIG. 4) in which the 
interference does not occur is included in the power of the 
cross point P that is detected. The power of the frequency 
region A2 is fixed in a case where the interference occurs the 
most significantly between the Sub-carrier signals S-1 and 
S and a case where the interference is not present at all. 
Thus, if the transmission bandwidth BW-B, the level ratio 
L of the power of the cross point P is similar to a case where 
the transmission bandwidth BW-B. Thus, the minimum 
value of the power of the cross point P is effectively detected 
in a range of the transmission bandwidth BWsB. 

Furthermore, in the embodiment, the optical filter 541 
extracts the optical components Fu and Fd as the frequencies 
vo--(-0.5)f and vo-(-0.5)f of the cross point P are the 
center frequencies. That is, since the center frequencies of 
the optical components Fu and Fd is the frequencies vo-(- 
0.5)f and vo-(-0.5)f of the cross point P, the power of the 
interference light between the sub-carrier signals S-1 and 
S is effectively detected. Thus, the minimum value of the 
power of the cross point P is detected with a high accuracy. 

FIG. 10 is a graph illustrating a change in the power of the 
cross point P with respect to an attenuation ratio of the 
optical filter 541 for each the transmission bandwidth BW of 
the optical filter. In FIG. 10, the horizontal axis illustrates the 
attenuation ratio of the optical filter 541 and the vertical axis 
illustrates the level ratio L of the power of the cross point P 
that is normalized with respect to the maximum value. 
Moreover, the level ratio L is a value that is obtained in 
calculation in which the modulation system of the sub 
carrier signals S-1 and S is the QPSK and the transmission 
bandwidths BW of the optical filter 541 are B, B/2, B/4, and 
B/8. 
As illustrated in FIG. 10, when using the optical filter 541 

in which the attenuation ratio is approximately 30 (dB) or 
more, it is possible to sufficiently detect the minimum value 
of the power of the cross point P. 
As described above, according to the configuration illus 

trated in FIG. 8, even if the modulation of the sub-carrier 
signals S-1 and S is performed in the high symbol rate 
B(f) of a few tens GHZ, it is possible to detect the minimum 
value of the power of the cross point P. Meanwhile, if the 
modulation is performed in a low symbol rate B(f), it is 
possible to detect the minimum value of the power of the 
cross point P using an electric Ratio Frequency (RF) spec 
trum analyzer. 

FIG. 11 is a configuration diagram illustrating another 
example of a monitor 54. The monitor 54 has an optical filter 
544, a photodetector 545, and a RF spectrum analyzer 546. 
Moreover, in FIG. 11, in graphs G31 and G32, the horizontal 
axis illustrates an example of the optical spectrum as the 
frequency f. 
A carrier light vo (see the graph G31) to which the 

Sub-carrier signals S-1 and Sare multiplexed is input from 
an optical branching unit 34 into the optical filter 544. In 
order to enable detection of intensity by the photodetector 
545 of the subsequent stage, the optical filter 544 extracts an 
upper sideband SBu or a lower sideband SBd from the 
carrier light voto which the Sub-carrier signals S-1 and S 
are multiplexed (see the graph G32). For example, if the 
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carrier light voto which the Sub-carrier signals S-1 and S 
are multiplexed is input into the photodetector 545 as it is, 
since the upper sideband SBu or the lower sideband SBd is 
phase-inverted to each other, the carrier light Vo appears as 
a continuous wave and the photodetector 545 may not detect 
the intensity. 

The photodetector 545 detects the intensity by converting 
the upper sideband SBu or the lower sideband SBd into the 
electrical signal. At this time, the center frequencies vo-(j- 
1)f and vo-jf of the Sub-carrier signals S-1 and S are 
within an operation band of the photodetector 545. The RF 
spectrum analyzer 546 notifies the power of the cross point 
P to the controller 53 by detecting the power of the cross 
point P. 

Furthermore, if the frequency band of the sub-carrier 
signals S-1 and S are out of the operation band of the 
photodetector 545 and the RF spectrum analyzer 546, the 
frequency bands of the Sub-carrier signals S-1 and Si may 
be converted into a low frequency band using the locally 
emitted light. 

FIG. 12 is a configuration diagram illustrating another 
example of a monitor 54. The monitor 54 has a local light 
emitting source 547, an optical multiplexer 548, a photode 
tector 549, and a RF spectrum analyzer 540. Moreover, in 
FIG. 12, in graphs G41 to G43, an example of the spectrum 
is illustrated in which the horizontal axis is the frequency f. 
The local light emitting source 547 outputs a locally 

emitted light Lo of a frequency v, to the optical multiplexer 
548. The locally emitted light Lo is input from the local light 
emitting source 547, and the carrier lightvo (see graph G41) 
to which the sub-carrier signals S-1 and Sare multiplexed 
is input from the optical branching unit 34. For example, the 
optical multiplexer 548 is an optical coupler. The carrier 
light Vo to which the locally emitted light Lo and the 
Sub-carrier signals S-1 and S are multiplexed (see the 
graph G42) by the optical multiplexer 548 and is input into 
the photodetector 549. 

For example, if the upper sideband is detected, the fre 
quency vio of the locally emitted light Lo is set in a position 
spaced at a spacing Affrom the center frequency vo-(-1)f 
of the Sub-carrier signal S-1. Here, the spacing Afis a value 
within the operation band of the photodetector 549 and the 
RF spectrum analyzer 540. Thus, the frequency bands of the 
sub-carrier signals S-1 and S are converted into the low 
frequency band (see the graph G43) and the RF spectrum 
analyzer 546 may detect the power of the cross point P. The 
detected power is notified to a controller 53. 

FIG. 13 is a configuration diagram illustrating an example 
of a controller 53. The controller 53 has an analog/digital 
converting section (A/D) 531, a memory 532, a comparison 
operation circuit 533, a driver circuit 534. Moreover, another 
storage unit such as a hard disk drive may be used instead 
of the memory 532. 
The analog/digital converting section 531 converts a 

detection signal input from a monitor 54 into a digital signal 
by sampling and records the power of the cross point P in the 
memory 532. The comparison operation circuit 533 reads 
the power of the cross point P from the memory 532, 
compares the power of the cross point P with power that is 
read in the last time, and outputs a comparison result to the 
driver circuit 534. 
The driver circuit 534 generates a control signal Sc 

depending on an input comparison result and out the result 
to a timing adjuster 51. As described above, the control 
signal Sc represents a delay time of an output timing of a 
data signal. If the power of the cross point P is the minimum 
value, or is below a predetermined threshold Pth (value close 
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12 
to the minimum value), the driver circuit 534 fixes the delay 
time. Moreover, for example, the DSP is used as the com 
parison operation circuit 533 and the driver circuit 534. 
As described above, the controller 53 controls the timing 

of the data symbol of the Sub-carrier signal Si depending on 
the power detected by the monitor 54. Thus, the optical 
OFDM signal in which the interference between the sub 
carrier signals S-1 and S is Suppressed is generated. 

Since the interference between the sub-carrier signals 
S-1 and Si occurs until the delay time is fixed, the com 
munication quality is decreased. Thus, a training period of 
the sub-carrier signals S-1 and S is provided until the delay 
time is fixed and communication service may be stopped 
during the training period. In this case, for example, a signal 
generator 52 outputs idle data having a fixed pattern as the 
data signal to an optical modulator 46 during the training 
period and after completion of the training period, the data 
signal may be switched into a main signal (user data) from 
the idle data. Thus, occurrence of an error of the main signal 
may be reduced. 

FIG. 14 is a flowchart illustrating a method of generating 
an optical OFDM signal according to the embodiment. The 
method of generating an optical OFDM signal using the 
optical multiplexing device 1 described above will be 
described. 

First, the optical multiplexing device 1 multiplexes the 
Sub-carrier signal Si modulated in a predetermined symbol 
rate B based on the data signal to the carrier light v to which 
the Sub-carrier signal S-1 is multiplexed so as to be 
adjacent to the sub-carrier signal S-1 (operation St1). Next, 
the optical multiplexing device 1 inputs the carrier light vo 
to which the sub-carrier signals S-1 and Sare multiplexed 
into the monitor 54 (operation St2). 

Next, the optical filter 541 of the monitor 54 extracts the 
optical components Fu and Fd including the frequency 
component of the cross point P between the spectra of the 
Sub-carrier signals S-1 and S from the input carrier light vo 
(operation St3). The optical components Fu and Fd have the 
bandwidth BW of a predetermined symbol rate B or less. 
Next, the photodetector 542 detects the intensity of the wave 
by converting the optical components Fu and Fd into the 
electrical signal (operation Sta). 

Next, the power meter 543 detects the power of the optical 
components Fu and Fd (operation St5). Next, the controller 
53 controls the timing of the data symbol of the sub-carrier 
signal S. that is, the modulation timing depending on the 
detected power (operation Stó). Thus, the optical OFDM 
signal is generated. 

Next, a control process of the modulation timing by the 
controller 53 will be described. 

FIG. 15 is a flowchart illustrating an example of the 
control process of the modulation timing. In the example, in 
the controller 53, the modulation timing in which the power 
of the cross point P is the minimum value is detected by 
sampling the powers P and P. of the cross point P while 
changing the delay time At of the output timing of the data 
signal, that is, the modulation timing. 

First, the analog/digital converting section 531 records the 
power P detected by the monitor 54 in the memory 532 
(operation St11). Next, the driver circuit 534 increases the 
delay time At of the modulation timing in the timing adjuster 
51 (operation St12). 

Next, the analog/digital converting section 531 records 
the power P. detected by the monitor 54 in the memory 
532 (operation St13). Next, the comparison operation circuit 
533 compares the power P with the power P detected in 
the last time (operation St14). 
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If PsP (No in operation St14), the driver circuit 534 
makes P. P. (operation St20) and increases the delay 
time At of the modulation timing again (operation St12). In 
this case, since a detection point of the power P is present 
in a negative region (At/T<0) of FIG. 5B, the driver circuit 
534 controls the power so as to be close to the minimum 
value (At/T=0) by increasing the delay time At of the 
modulation timing. 

Meanwhile, if PDP (Yes in operation St14), the driver 
circuit 534 makes P-P (operation St15) and decreases 
the delay time At of the modulation timing (operation St16). 
In this case, since the detection point of the power P is 
present in a positive region (At/T-0) of FIG. 5B, the driver 
circuit 534 controls the power so as to be close to the 
minimum value (At/T=0) by decreasing the delay time At of 
the modulation timing. 

Next, the analog/digital converting section 531 records 
the power P. detected by the monitor 54 in the memory 
532 (operation St17). Next, the comparison operation circuit 
533 compares the power P with the power P detected in 
the last time (operation St18). 

If PsP (No in operation St18), the driver circuit 534 
makes P. P. (operation St21) and decreases the delay 
time At of the modulation timing again (operation St16). In 
this case, since the detection point of the power P is 
present in the positive region of FIG. 5B, the driver circuit 
534 controls the power so as to be close to the minimum 
value by decreasing the delay time At of the modulation 
timing. 

Meanwhile, if PDP (Yes in operation St18), the driver 
circuit 534 fixes the delay time At of the modulation timing 
(operation St19). In this case, since the detection point of the 
power P enters the negative region from the positive 
region of FIG. 5B, the driver circuit 534 determines that the 
minimum value of the power is detected, fixes the delay time 
At of the modulation timing, and the control is finished. 
Thus, the control process of the modulation timing is per 
formed. 
As described above, the controller 53 controls the modu 

lation timing of the Sub-carrier signal S. So that power 
detected by the monitor 54 is the minimum value. Thus, the 
interference between the sub-carrier signals S-1 and S is 
effectively reduced. 

Furthermore, the controller 53 is not limited to the control 
method described above and the modulation timing of the 
sub-carrier signal Si may be controlled so that the power 
detected by the monitor 54 is less than a predetermined 
threshold Pth. 

FIG. 16 is a flowchart illustrating another example of a 
control process of the modulation timing. First, the driver 
circuit 534 sets the threshold Pth according to an instruction 
from a network control device and the like (operation St31). 
Since the delay time (timing difference of the data symbol) 
At of the modulation timing is different depending on the 
modulation system, for example, the threshold Pth is deter 
mined based on the modulation system. Moreover, the 
threshold Pth may be determined based on the minimum 
value of the power obtained by the control process illus 
trated in FIG. 15. 

Next, the analog/digital converting section 531 records 
the power P. detected by the monitor 54 in the memory 532 
(operation St32). Next, the driver circuit 534 increases the 
delay time At of the modulation timing in the timing adjuster 
51 (operation St33). 

Next, the analog/digital converting section 531 records 
the power P. detected by the monitor 54 in the memory 
532 (operation St34). Next, the comparison operation circuit 
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533 compares the power P with the threshold Pth (opera 
tion St35). If P-Pth (Yes in operation St35), the driver 
circuit 534 fixes the delay time At of the modulation timing 
(operation Sta1). Thus, the control process is finished. 

Meanwhile, if P Pth (No in operation St35), the com 
parison operation circuit 533 compares the power P with 
the power P detected in the last time (operation St36). 

If PsP (No in operation St36), the driver circuit 534 
makes P. P. (operation Sta2) and increases the delay 
time At of the modulation timing again (operation St33). In 
this case, since the detection point of the power P is 
present in the negative region of FIG. 5B, the driver circuit 
534 controls the power so as to be close to the minimum 
value by increasing the delay time At of the modulation 
timing. 

Meanwhile, if PDP (Yes in operation St36), the driver 
circuit 534 makes P-P (operation St37) and decreases 
the delay time At of the modulation timing again (operation 
St38). In this case, since the detection point of the power 
P is present in the positive region of FIG. 5B, the driver 
circuit 534 controls the power so as to be close to the 
minimum value (At/T=0) by decreasing the delay time At of 
the modulation timing. 

Next, the analog/digital converting section 531 records 
the power P. detected by the monitor 54 in the memory 
532 (operation St39). Next, the comparison operation circuit 
533 compares the power P with the threshold Pth (opera 
tion Sta.0). If P Pth (No in operation Sta.0), the comparison 
operation circuit 533 decreases the delay time At of the 
modulation timing again (operation St38). 

Meanwhile, if P3Pth (Yes in operation Stá0), the 
driver circuit 534 fixes the delay time At of the modulation 
timing (operation Sta1). Thus, the control process is fin 
ished. 

In the example, the controller 53 controls the modulation 
timing of the Sub-carrier signal SSo that the power detected 
by the monitor 54 is less than a predetermined threshold Pth. 
Thus, a time desirable to fix the delay time At of the 
modulation timing is reduced compared to the example of 
FIG. 15. Furthermore, the threshold Pth is set depending on 
the modulation system of the Sub-carrier signal S and 
thereby it is possible to optimize the control process. 
As described above, the optical multiplexing device 1 

according to the embodiment generates the optical OFDM 
signal by multiplexing the second sub-carrier signal S. So as 
to be adjacent to the first sub-carrier signal S-1. The optical 
multiplexing device 1 has the detection section (monitor) 54 
and the controller 53. 
The detection section 54 extracts the optical components 

Fu and Fd including the frequency component of the cross 
point P between the spectra of the first sub-carrier signal 
S-1 and the second Sub-carrier signal Si from the optical 
OFDM signal and detects the power of the optical compo 
nents Fu and Fd. The controller 53 controls the timing of the 
data symbol of the second Sub-carrier signal Sidepending on 
the power detected by the detection section 54. 

According to the configuration described above, the 
detected optical components Fu and Fd include the fre 
quency component of the cross point P between the spectra 
of the first sub-carrier signal S-1 and the second sub-carrier 
signal S. Furthermore, the controller 53 controls the modu 
lation timing of the second sub-carrier signal Saccording to 
the power of the optical components Fu and Fd detected by 
the detection section 54. 

Thus, according to the optical multiplexing device 1 of the 
embodiment, it is possible to generate the optical OFDM 
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signal in which the interference between the sub-carrier 
signals S-1 and S is Suppressed. 

Furthermore, the method of generating an optical OFDM 
signal according to the embodiment is a method of gener 
ating the optical OFDM signal by multiplexing the second 
Sub-carrier signal S. So as to be adjacent to the first Sub 
carrier signal S-1. The method of generating an optical 
OFDM signal includes the following operations. 

Operation (1): extracting the optical components Fu and 
Fd including the frequency component of the cross point P 
between the spectra of the first sub-carrier signal S and the 
second sub-carrier signal S-1 from the optical OFDM 
signal. Operation (2): detecting the power of the optical 
components Fu and Fd. Operation (3): controlling the timing 
of the data symbol of the second sub-carrier signal S-1 
depending on the detected power. 

Since the method of generating an optical OFDM signal 
according to the embodiment includes the configuration 
similar to that of the optical multiplexing device 1 described 
above, the operational effects similar to the contents 
described above are achieved. 
The embodiments described above are preferable 

examples. However, the embodiments are not limited to the 
examples and various modifications may be implemented 
within the Scope not departing from the gist of the disclo 
SUC. 

All examples and conditional language recited herein are 
intended for pedagogical purposes to aid the reader in 
understanding the invention and the concepts contributed by 
the inventor to furthering the art, and are to be construed as 
being without limitation to such specifically recited 
examples and conditions, nor does the organization of such 
examples in the specification relate to a showing of the 
superiority and inferiority of the invention. Although the 
embodiments of the present invention have been described 
in detail, it should be understood that the various changes, 
substitutions, and alterations could be made hereto without 
departing from the spirit and scope of the invention. 
What is claimed is: 
1. An optical multiplexing device comprising: 
a monitor configured to detect power of an optical com 

ponent including a frequency component of a cross 
point between spectra of a first Sub-carrier signal and a 
second Sub-carrier signal; and 

a controller configured to control a modulation timing of 
a data symbol of the second Sub-carrier signal accord 
ing to the power detected by the monitor, 

wherein the second Sub-carrier signal is multiplexed to a 
carrier to be adjacent to the first Sub-carrier signal 
multiplexed to the carrier so as to generate an optical 
Orthogonal Frequency Divisional Multiplexing 
(OFDM) signal in which an interference between the 
first and second sub-carrier signals is Suppressed. 

2. The optical multiplexing device according to claim 1, 
wherein the monitor includes 
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an optical filter configured to extract the optical compo 

nent including the frequency component of the cross 
point between the spectra of the first sub-carrier signal 
and the second Sub-carrier signal, and 

a photodetector configured to detect power of the optical 
component transmitted through the optical filter. 

3. The optical multiplexing device according to claim 2, 
wherein the first sub-carrier signal and the second sub 

carrier signal are respectively modulated at a symbol 
rate having a predetermined frequency spacing based 
on a data signal to be transmitted, and 

wherein the optical filter extracts the optical component 
having a bandwidth of the symbol rate or less. 

4. A method of generating an optical Orthogonal Fre 
quency Divisional Multiplexing (OFDM) signal, the method 
comprising: 

detecting an optical component including a frequency 
component of a cross point between spectra of a first 
Sub-carrier signal and a second sub-carrier signal; and 

controlling a modulation timing of a data symbol of the 
second Sub-carrier signal according to the detected 
power so that the second Sub-carrier signal is multi 
plexed to a carrier to be adjacent to the first sub-carrier 
signal multiplexed to the carrier to generate the OFDM 
signal in which an interference between the first and 
second Sub-carrier signals is Suppressed. 

5. The method of generating an optical OFDM signal 
according to claim 4, further comprising: 

extracting the optical component including the frequency 
component of the cross point between the spectra of the 
first Sub-carrier signal and the second Sub-carrier sig 
nal; and 

detecting power of the extracted optical component. 
6. The method of generating an optical OFDM signal 

according to claim 5, 
wherein the first sub-carrier signal and the second sub 

carrier signal are respectively modulated at a symbol 
rate having a predetermined frequency spacing based 
on a data signal to be transmitted, and 

wherein the optical component having a bandwidth of the 
symbol rate or less is extracted. 

7. An apparatus for generating an optical Orthogonal 
Frequency Divisional Multiplexing (OFDM) signal, the 
apparatus comprising: 
means for detecting an optical component including a 

frequency component of a cross point between spectra 
of a first Sub-carrier signal and a second sub-carrier 
signal; and 

means for controlling a modulation timing of a data 
symbol of the second Sub-carrier signal according to 
the detected power so that the second sub-carrier signal 
is multiplexed to a carrier to be adjacent to the first 
Sub-carrier signal multiplexed to the carrier to generate 
the OFDM signal in which an interference between the 
first and second sub-carrier signals is Suppressed. 
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